Abstract In the present study, the biocompatible nanocomposite (nickel oxide nanoparticles loaded chitin beads (NiO NPs/CH)) was synthesized, characterized by using scanning electron microscopy (SEM) and Fourier transform infrared (FT-IR) analysis and then study its prospective application towards adsorption of malachite green (MG) dye. Further, batch studies were conducted to evaluate the adsorption capacity of nanocomposite, and the effects of various parameters, i.e., pH, adsorbate concentration, contact time, dosage of adsorbent and temperature, were investigated. The results revealed that the amount of MG adsorbed on the adsorbent increases with increasing initial dye concentration and by decreasing temperature. The equilibrium MG adsorption data on NiO NPs/CH were best described by the Langmuir isotherm model. Besides, the adsorption kinetics followed pseudosecond-order rate equation. Thermodynamic parameters such as free energy of adsorption (ΔG°), enthalpy (ΔH°), and entropy (ΔS°) changes were calculated, and the results suggested that the adsorption process was spontaneous and exothermic in nature. Based on the results, it was concluded that the nanocomposite can be sustainably prepared and efficiently used for the adsorptive removal of MG from colored aqueous solutions.
Introduction
Malachite green (MG) is a water soluble cationic dye that appears as crystalline green powder and it belongs to triphenylmethane category. Though the use of this dye has been banned in several countries and not approved by US Food and Drug Administration, still it is extensively used for the dyeing of cotton, jute, paper, silk, wool, and leather products in many parts of the world. In addition, it is also used as an antiseptic and fungicidal for humans, and as anti-parasitical, antibacterial, and antifungal in aquaculture and commercial fish hatchery industries due to its low cost, ready availability, efficacy, and deficiency of proper substitute [1] . Due to its mutagenic and carcinogenic nature, it can cause severe effects on the nervous system, reproductive system, liver, brain, and kidney [2, 3] . Apart from causing undesirable health effects, the presence of even very low concentration of MG in the aqueous environment can color large water bodies which decrease photosynthesis by obstructing light penetration and thereby inhibit the growth of aquatic life [4] . Hence, proper treatment of effluent containing MG dye is extremely necessary for the protection of environment and other living organisms.
Many treatment technologies have been applied in order to decolorize MG from an aqueous medium such as coagulation-flocculation [5, 6] , biodegradation [7] , photocatalytic degradation [8] , sonochemical and sonophotocatalytic degradation [9] [10] [11] , ozonation [12] , and Fenton reagent [13] [14] [15] [16] . Among all these techniques, adsorption is regarded as simple, economically manageable, and desirable process for the treatment of industrial effluent due to its high efficiency and ability to separate a wide range of pollutants. Adsorption on activated carbon has been found to be an effective process for removal of dyes, but it was an expensive process as both regeneration and disposal of the used carbon are often very difficult. Thus, it was a necessity to identify and develop easily available, economically viable, and highly effective adsorbent for efficient and facile removal of dye.
In recent time, use of biopolymers is increasing for the removal of dye from wastewater. Chitin (poly [β-(1 → 4)-2-acetamido-2-deoxy-β-D-glucopyranose]), a polymer of N-acetyl-D-glucosamine, is the most frequently found natural biopolymer in the exoskeleton of marine invertebrates such as shrimps, crabs, prawns, and lobsters. This biopolymer exhibits a high biodegradability, nontoxicity, and adsorption properties [17] . Nickel oxide (NiO) is an important transition metal oxide which can be employed in various fields due to its chemical and thermal stability and environmental benignity [18] . Composites and nanocomposites, refer to materials consisting of at least two phases with one dispersed in another that is called matrix, have attracted increasing research attention. Composites of polymers and nanoparticles can provide many synergistic properties, which are difficult to attain from individual components [19] . In this context, nanocomposite of chitin, a natural biopolymer, and nickel oxide nanoparticle, an important transitional metal oxide, has been synthesized.
In developing countries due to the scarcity of the water resources, it is essential to conserve the water. But on the contrary for their growth, the industrial development is required and hence during the various industrial processes, immense quantity of wastewater is generated. If this wastewater is not treated properly and discharged, then it causes pollution of the natural water streams. Thus, wastewater reuse is an important strategy for conserving water resources. There are various advantages associated with the reuse of wastewater such as reduction in consumption of fresh water, disposal problem which ultimately leads to the secondary pollution of the receiving water bodies, as well as associated treatment cost. In addition, properly treated wastewater can also be used for various purposes like toilet flushing, cooling water, and other applications. But, for the reuse of wastewater, it should be properly treated without creating more pollution.
Therefore, the aim of this study was to synthesize and characterize nickel oxide nanoparticles loaded chitin beads (NiO NPs/CH) nanocomposite. To the best of our knowledge, there was no previous literature report regarding the use of such biopolymer/nanoparticle composite for the removal of MG dye aqueous media. Thus, the application of nanocomposite for the removal of MG from aqueous solutions was investigated by the influence of different system variables, i.e., solution pH, initial dye concentration, contact time between adsorbate and adsorbent, adsorbent dosage, and temperature, and the adsorption capacity of the nanocomposite for MG has been evaluated as well as the equilibrium isotherms, adsorption kinetics, and thermodynamics studies were also performed.
Materials and Methods
MG dye, chitin powder, and other reagents used in this work were purchased from ACS Chemicals Pvt. Ltd., Ahmedabad. All the chemicals were of analytical reagent grade and used as such without further purification. Malachite green oxalate [C.I. = 42,000, CAS number = 123333-61-9, λ max = 618 nm] has a chemical formula of C 52 H 54 N 4 O 12 with molecular weight of 927.00 g/mol. The molecular structures of MG (a) and chitin (b) are illustrated in Fig. 1 . Deionized and distilled water were used to prepare all solutions. The MG stock solution was prepared by dissolving an accurately weighed quantity of dye in deionized water and was subsequently diluted to the required concentrations.
Synthesis of Adsorbent (NiO NPs Loaded CH Beads)
The adsorbent was prepared by the simple precipitation method. In this method, initially, chitin solution was prepared by dissolving chitin powder in N,N-dimethylacetamide/5 % lithium chloride (LiCl) solvent system. In this viscous chitin solution, 0.5 g of nickel oxide nanoparticles, which were synthesized, purified, and characterized by previous reported routes [20, 21] , was added. The solution was then stirred for 1 h at 50°C. After cooling, nickel oxide nanoparticle containing chitin solution was added drop-wise into 100 mL of nonsolvent coagulant, ethanol, to form spherical uniform beads loaded with NiO NPs. The final product (NiO NPs/CH) nanocomposite was filtered, rinsed several times with doubledistilled water, and dried under vacuum. The dried adsorbents were ground to fine powder for further characterization. Figure 2 proposed the synthetic pathway for nanocomposite preparation.
Characterization of Adsorbent
Transmission electron microscopic (TEM) images of NiO NPs/CH beads were taken with a Tecnai 20 (Philips, Holland) electron microscope, and the sample was dispersed in aqueous ethanol by ultrasonic stirring in order to analyze the structure and morphology of the samples. To determine the morphological structure and surface characteristic of NiO NPs/CH beads, the samples were coated with gold by electrodeposition under vacuum and examined by scanning electron microscopy (Carl-Zeiss, 40) at an accelerating voltage of 20 kV. Fourier transform infrared spectra of the adsorbent were obtained using Shimadzu-8400S FT-IR spectrophotometer. The sample, prepared as KBr disc, was examined within the range of 400 to 4000 cm −1 to identify the specific functional groups responsible for the adsorption. A double beam UV-Visible spectrophotometer (Evolution 260 BIO UV-Vis. spectrophotometer) was used to determine the unknown concentration of MG solutions. The unknown concentrations of MG solutions were estimated by interpreting the absorbance with standard calibration curve at 618-nm wavelength.
Batch Adsorption Experiments
The adsorption study was performed by batch experiment to investigate the effect of various parameters on the adsorption of MG. In each batch, 100 mL dye solution of known concentration (25-1000 mg/L) was taken in 250-mL standard flask by varying the parameters while keeping the other parameters constant. After regular time interval, the dye solution was centrifuged (Remi Research Centrifuge). The concentration of MG in supernatant solution was determined at characteristic wavelength (λ max = 618 nm) by double beam UV-Visible spectrophotometer. The amount of MG adsorbed (mg/g) was calculated based on a following mass balance equation.
The removal percentage (R %) of MG was calculated by the following expression:
where q e (mg/g) is the equilibrium adsorption capacity per gram dry weight of the adsorbent; C 0 (mg/L) is the initial 
Desorption and Regeneration Experiments
In order to make the adsorption process economically more feasible, the desorption efficiency and regeneration potential of adsorbent were studied by repeated desorption/adsorption cycles. Desorption studies were carried out by mixing 100 mg of the NiO NPs/CH beads with 100 mL of the dye solutions (100 mg/L). The mixture was shaken for 3 h at 120 rpm under room temperature (35°C). The composite was collected and washed several times with distilled water to remove unabsorbed MG. Further, MG-loaded beads were regenerated in 100 mL of alcohol solution on a rotary shaker at 120 rpm; the concentrations of MG in the elutes were determined to investigate the desorption efficiency, and then it was washed with distilled water until a neutral pH was obtained. The regenerated adsorbent was reused in the next cycle of adsorption experiment.
Results and Discussion

Transmission Electron Microscope Study
The size and morphology of NiO nanoparticles integrated chitin beads have been identified by the transmission electron microscopic (TEM) studies as seen in Fig. 3 . The TEM image indicated the presence of dense agglomerates. The nanoparticles have a spherical shape with an average size of 25 nm, and their distribution was not uniform.
Scanning Electron Microscope Study
The results of the scanning electron microscopic (SEM) analyses of nanocomposite before (a) and after (b) MG adsorption are illustrated in Fig. 4 . The presence of nanoparticles increased the surface area of composite adsorbent, and thus, asymmetrical morphology and high number of aperture can be observed before MG adsorption (Fig. 4a) , which becomes even, smooth, flat, and non-porous after dye adsorption as shown in (Fig. 4b) . The difference in morphology of adsorbent before and after adsorption of MG can be clearly studied from the SEM analyses.
Fourier Transform Infrared Spectroscopic Study
FT-IR study was performed to in order to examine and identify the surface groups of the adsorbent responsible for the adsorption of dye.
The FT-IR spectra of adsorbent (nickel oxide nanoparticles loaded chitin beads) before (a) and after (b) dye adsorption are shown in Fig. 5 . As shown in Fig. 5a , peaks observed around the 3105.18 to 3444.63 cm −1 were attributed to stretching vibration of hydroxyl groups of adsorbent which were shifted and diminished to lower wave numbers after adsorption of MG ( Fig. 5b ) and indicated the formation of hydrogen bond between adsorbate and -OH groups of adsorbent. The peak at 2927.74 cm −1 shown in Fig. 5a was assigned to the C-H stretching vibration of polymer backbone. There was a significant decrease and shifting for this peak after MG adsorption which reveals the interaction between adsorbent and dye cation.
Since, during the formation of composite (NiO NPs/CH), the interaction occurs between carbonyl oxygen of -NHCOCH 3 group and metal ion (Ni). Hence, the characteristic peaks for the N-H bending vibration of the amide II band and amide III band (located at 1556.45 and 1625.88 cm (Fig. 5b) .
Effect of pH
The effect of initial pH on the adsorption of MG onto nanocomposite was determined at different pH values (2.0-12.0) and the results are shown in Fig. 6 . The initial pH of the solution was adjusted by using 0.1 M HCl and 0.1 M NaOH solutions after the addition of adsorbent. Other experimental conditions such as initial dye concentration, contact time, temperature, and the amount of adsorbent were fixed at 100 mg/L, 180 min, 298 K, and 0.1 g, respectively. MG is a basic dye and it exists in aqueous solution in the form of positively charged ions. Being a charged species, its adsorption degree onto adsorbent surface is largely influenced by the surface charge on the adsorbent. At low pH values, the protonation of the functional groups present on the adsorbent surface easily takes place and thereby restricts the movement With increase in alkalinity of the solution, the functional groups on the adsorbent surface become de-protonated; as a result, the negative charge density on the adsorbent surface increases and facilitates the binding of dye cations. The dye removal capacity can be increased at higher pH because as the pH increases, the H + ions get reduced in the solution and may not compete with the dye cations for the appropriate sites on the adsorbent surface. However, at very high pH (>10.0), there will be no freely available dye cations present in the solution to bound to the adsorbent surface resulting in steady adsorption condition.
The structural stability and color intensity of MG dye are affected by the pH of the solution because it gets protonated in the acidic medium and de-protonated in the alkaline medium. According to [22] , the color of MG is stable in the initial pH range 3.0-7.0, and the color reduction increases as initial pH increases from 7.0 to 11.0. Looking upon this nature of the dye and the above result of the effects of pH, further studies were then carried out with dye solutions at pH value 7.0.
Effect of Initial Dye Concentration and Contact Time
The effects of different initial dye concentrations and contact time on the adsorptive removal of MG by nanocomposite at the pH value of 7.0 are shown in Fig. 7 . From the figure, it can be seen that with increasing initial dye concentration from 25 to 1000 mg/L, the amount of dye adsorption was also increased from 34.02 to 106.47 mg/g. This increase in dye adsorption was found due to high driving force for mass transfer at enhanced dye concentration, and the resistance to the uptake of MG from the solution decreases with the increase in dye concentration. When the surface active sites of adsorbents are covered fully, the extent of adsorption reaches a limit resulting in saturated adsorption. Figure 7 also represents that the adsorption of MG is fast at the initial stage of contact with the adsorbent, and then, it becomes slow near the equilibrium. During the initial contact time, a large number of vacant surface sites are available for adsorption, and at maximum contact time, aggregation of dye molecules makes it difficult to diffuse deeper into the adsorbent structure at highest energy sites. From the graph, it can be seen that after 150-min contact, a steady-state approximation was achieved and a quasi-equilibrium situation was accepted. Based on the above results, 180-min contact time was fixed as equilibrium time throughout the adsorption study.
Effect of Adsorbent Dosage
The percentage of MG adsorption with varying amount of adsorbent is presented in Fig. 8a . Generally, with increasing adsorbent dosage, the percentage removal of adsorbate also increases. It can be seen from the figure that the % dye removal increased from 58.37 to 77.73 % as the dose increased from 0.002 to 0.120 g. Initially, the higher uptake of dye can be attributed to the availability of larger surface area and more number of adsorption sites. There was no significant increase in the % removal of dye can be observed for a dose greater than 0.10 g of nanocomposite in 100 mL of MG solution. Thus, the optimum dose adopted is 0.1 g/100 mL. The amount of MG adsorbed (q e ) decreased from 291.83 to 64.77 mg/g, when the adsorbent dosage was increased from 0.002 to 0.120 g/100 mL (Fig. 8b) . The decrease in amount of MG adsorbed onto adsorbents q e (mg/g) with increasing adsorbent dosage was due to a split in the flux or the concentration gradient between MG concentration in the solution and on the surface of the adsorbent.
Effect of Temperature
The adsorption studies were carried out at three different temperatures (25, 35, and 45°C) , and the results of these experiments are shown in Fig. 9 . It was observed that as the temperature increased, the adsorption capacity decreases, which indicated that the process was exothermic in nature. With increasing temperature, the mobility of the larger dye ions also increases, which leads to a decrease in its adsorption. Similar results have been reported for the biosorption of Basic Green 4 dye by using Ananas comosus (pineapple) leaf powder from an aqueous solution [23] .
Equilibrium Adsorption Isotherms
Adsorption isotherms describe how the adsorbate interacts with adsorbent and provide comprehensive understanding about the nature of the interaction. Isotherms help to provide information about the optimum use of adsorbents. So, in order to optimize the design of an adsorption system to remove dye from solutions, it is essential to establish the most appropriate correlation for the equilibrium curve [24] . The most widely used isotherm models for solid-liquid adsorption are the Langmuir and Freundlich. The equilibrium data were analyzed using these two isotherm models.
The Langmuir isotherm predicts the formation of a monolayer of the adsorbate on the homogenous adsorbent surface. It assumes that each adsorbate molecule is located at specific homogenous sites within the adsorbent and thus does not consider surface heterogeneity of the adsorbent. The linear form of the Langmuir adsorption isotherm [25] is represented as follows:
where C e (mg/L) is the equilibrium concentration of the MG in the solution. q e (mg/g) is the equilibrium adsorption capacity per gram dry weight of the adsorbent corresponding to complete coverage of the adsorptive sites. a L (L/mg) and K L (L/g) are the Langmuir isotherm constants. The parameters of the Langmuir equation were calculated and given in Table 1 .
The maximum adsorption capacities of MG by nanocomposite at 25, 35, and 45°C were 370.37, 357.14, and 344.83 mg/g, respectively. To confirm the favorability of the adsorption process, the dimensionless Bseparation factor^or Bequilibrium parameter^(R L ) expressed by Eq. (4) was used:
The R L value indicates whether the adsorption is unfavorable (R L > 1), linear (R L = 1), favorable (0 < R L < 1), or irreversible (R L = 0) [26] . The R L values, listed in Table 1 , were between 0 and 1 which depicts that NiO NPs/CH is a favorable adsorbent for MG.
Freundlich adsorption isotherm [27] defines the adsorption onto the adsorbent with heterogeneous surface. The linear form of Freundlich isotherm model is as follows:
where K F (mg/g) is the Freundlich adsorption isotherm constant, relating to the extent of adsorption and n (g/L) is the Freundlich exponent. The values of K F and 1 n were calculated from the slope and intercept of the plot of log q e vs. log C e and listed in Table 1 . From the results, it can be seen that the values for 1 n were below 1 at different temperatures, which indicated that a normal Langmuir isotherm adsorption was followed for the adsorption of MG onto NiO NPs/CH beads.
The graphs for the Langmuir (a) and Freundlich (b) adsorption isotherm models (shown in Fig. 10 ) have been plotted to obtain their different constants, which are given in Table 1 .
Although the values of correlation coefficient were less for Langmuir isotherm compare to the Freundlich isotherm, from the values of non-linear chi-square statistic test, it can be concluded that the Langmuir isotherm was the best fitted adsorption isotherm model for the MG dye adsorption onto NiO NPs/CH beads. On the other hand, for the adsorption of MG onto CH beads, the adsorption process followed the Freundlich adsorption isotherm model.
Error Analysis
For the evaluation of the best fitting isotherm equation to the experimental equilibrium data, an error function has to be performed. In this study, linear coefficient of determination (R 2 ) and a non-linear chi-square test (χ 2 ) were performed for both the single component isotherms. The chi-square test statistics refers to the sum of the squares of the differences between the experimental data and the data obtained by calculating from isotherm models, with each squared difference divided by the corresponding data obtained by calculating from models. The mathematical equation can be represented as follows:
where q e(exp) (mg/g) is the experimental data of the equilibrium capacity; and q e(cal) (mg/g) is the equilibrium capacity obtained by calculating from the model. If data from the model are similar to the experimental data, χ 2 will be a smaller number, and if they differ, χ 2 will be a bigger number. Therefore, it is necessary to analyze the data using the non- linear chi-square test to confirm the suitable isotherm for this adsorption system [28] . The results of the linear coefficient of determination (R 2 ) and a non-linear chi-square test (χ 2 ) for both the adsorption isotherms indicated that the adsorption process of MG dye onto nanocomposite was homogenous in nature, and Langmuir isotherm model appeared to be the best fitted model. Whereas the adsorption process of MG dye onto only chitin beads was heterogeneous in nature, and Freundlich isotherm model appeared to be the best fitting model.
Adsorption Kinetics
The kinetics study is helpful to select the optimum operating conditions for the full-scale batch process as well as it also provides valuable insights into the reaction pathways and in turn controls the residence time of adsorbate uptake at the solid-solution interface [29] . To investigate the adsorption kinetics of MG onto the nanocomposite, the linear forms of pseudo-first-order, pseudo-second-order, and intraparticle diffusion model were used.
The linear equations for the applied models were as follows:
Pseudo-first-order model:
Pseudo-second-order model:
Intraparticle diffusion model:
where q e and q t (mg/g) are the amounts of dye adsorbed on adsorbent at equilibrium and at time t, respectively, and k 1 (min
) and k 2 (g/mg min) are the rate constants of pseudofirst-order and pseudo-second-order kinetic models. K id is the intraparticle diffusion rate constant (mg/g min 1/2 ) and I (mg/g) is the intercept.
The straight line plots for the pseudo-first-order (a) and pseudo-second-order (b) models (shown in Fig. 11 , respectively) have been represented to obtain the rate parameters which are given in Table 2 . From the resulting data, it can be seen that the R 2 value of the pseudo-second-order equation is higher than that of the pseudo-first-order equation, indicating that experimental kinetic data for MG adsorption followed the pseudo-second-order rate model better than the other one. As shown in Table 2 , the values of the rate constant k 2 decrease with increasing initial MG dye concentration because higher dye concentration corresponds to higher surface loading which decreases the diffusion efficiency.
The adsorbate species are most probably transported from the bulk of the solution into the solid phase through intraparticle diffusion/transport process, which is often the rate-limiting step in many adsorption processes. The possibility of intraparticle diffusion was explored by using the intraparticle diffusion model, which is commonly expressed by Eq. (7).
The value of intercept (I), provides information about the thickness of the boundary layer, in the present study ranging from 0.53 to 4.638 indicated that the boundary layer effect was not so much efficient for the adsorption of MG onto nanocomposite. In Fig. 11c , the plot of t 1/2 vs. q t was linear in nature indicated that the intraparticle diffusion was involved in the adsorption process. It can also be seen that the linear portions of curves do not pass through the origin which indicates that the intraparticle diffusion is not the sole rate controlling step for the adsorption mechanism of MG onto nanocomposite. From the above results, it may be concluded that surface adsorption and intraparticle diffusion were concurrently operating during the adsorbate and adsorbent interactions [30] . 
Thermodynamic Study
The thermodynamic parameters such as change in Gibbs free energy (ΔG°), change in enthalpy (ΔH°), and change in entropy (ΔS°) were also studied for better understanding of the effect of temperature on the adsorption process.
The Gibbs free energy of adsorption ΔG o is calculated from the following equation:
where K C is the adsorption equilibrium constant. The value of K C is calculated from the following equation:
where C ae is the equilibrium dye concentration on the adsorbent (mg/L), and C e is the equilibrium dye concentration in solution (mg/L). Standard enthalpy and standard entropy of adsorption can be estimated from Van't Hoff equation:
The values of ΔH o and ΔS o were calculated from the slope and intercept of Van't Hoff plot (presented in the inset curve of Fig. 9 ) of ln K c vs. 1/T and are given in Table 3 .
Thermodynamic parameters are listed in Table 3 . The negative values of ΔG°for NiO NPs/CH beads demonstrated a spontaneous and favorable adsorption process. The higher negative value reflects more energetic favorable adsorption. On the contrary, the positive value of ΔG°for CH beads indicated that the adsorption of MG dye onto CH beads was a non-spontaneous process. The values of ΔH°were negative for adsorption of MG onto NiO NPs/CH, and the absolute values were lower than 40 kJ/mol. This indicated that the adsorption was an exothermic physical process. The negative values of ΔS°obtained reveal that the internal structure of the adsorbents does not go through any significant change as well as a slight decrease in randomness at the solid-solution interface with increasing temperature during the adsorption of the dye [31] .
Desorption and Regeneration Studies
To evaluate the possibility of regeneration of composite adsorbent, desorption experiments have been performed. The cycles of adsorption/desorption experiments were carried out up to three times. After four cycles, the adsorption capacities of MG dye on adsorbent decrease from 61.59 to 50.32 %. This behavior indicates that the adsorbent can be reused successfully four times for the MG adsorption from aqueous solution.
Comparison with Other Adsorbents for the Removal of MG Table 4 represents the comparison of various composite and nanocomposite adsorbents previously used for the removal of MG with the present study. From the table, it can be seen that although the present adsorbent showed very less adsorption capacity (370.37 mg/g) compared to other materials, but still it has the following advantages over other adsorbents:
(i) The preparation of present nanocomposite (NiO NPs/CH) is very simple, easy, and facile process which required fewer chemicals. (ii) Chitin (marine byproduct) has been utilized so its disposal problem can be overcome. In addition, due to the biodegradable nature, it would not create the secondary pollution. 
Conclusions
The present study shows that the nickel oxide nanoparticles loaded chitin beads (nanocomposite) can be easily prepared and further used as an adsorbent for the removal of MG from aqueous medium. The characterization (TEM, SEM, and FT-IR) evinced that the availability of the larger surface and the presence of functional groups made nanocomposite appropriate for MG dye adsorption. The results obtained from the study of various system variables indicated that the dye adsorption increases with increasing solution pH, initial dye concentration, contact time, and dosage of adsorbent, and the optimized values were 7.0, 100 mg/L, 180 min, and 0.1 g, respectively. From the non-linear chi-square statistic test, it can be concluded that the Langmuir isotherm was the best fitted adsorption isotherm model for the experimental data. The adsorption kinetics can be predicted by the pseudosecond-order kinetic model. Thermodynamic study manifested that the adsorption process was exothermic, spontaneous, and physical in nature. All the results demonstrated that the nanocomposite could be promising and effective adsorbent.
